Background: Variants of the caspase activating recruitment domain 15/nucleotide oligomerisation domain 2 (CARD15/NOD2) gene have been associated with susceptibility to Crohn's disease (CD). Aim: Our aim was to evaluate the allele frequencies of the CARD15 variants R702W, G908R, and 1007fs in Finnish inflammatory bowel disease (IBD) patients and to search for possible associations between CARD15 variants and occurrence of familial forms of IBD or complicated forms of CD. Patients and methods: We investigated 198 sporadic CD patients, 46 probands with familial CD, 27 CD probands from mixed IBD families, 99 unrelated patients with ulcerative colitis (UC), and 300 control individuals for the occurrence of the CARD15 gene variants R702W, G908R, and 1007fs. Results: In CD patients, the allele frequencies for the rare variants of these polymorphisms were 3.3%, 0.6%, and 4.8% (total 8.7%), and the corresponding frequencies in healthy controls were 1.8%, 0%, and 1.7% (total 3.5%) (8.7% v 3.5%; p<0.01). In UC patients allele frequencies were comparable with those in controls. The frequency of the 1007fs polymorphism variant allele was significantly higher among all CD patients than in controls (4.8% v 1.7%; p<0.01) but there was no significant difference in allele frequencies between the CD and UC groups. The 1007fs allele frequency was higher in familial CD than in non-familial cases with CD (10.9% v 3.5%; p<0.01). There were no significant differences in the allele frequencies of the R702W and G908R polymorphisms between CD patients, UC patients, and controls. We found that 15.5% of CD patients, 9.1% of UC patients, and 6.7% of controls carried at least one of the CARD15 variants. In CD patients carrying at least one of the three NOD2 variants, the ileum was affected more often than in non-carrier CD patients (90% v 73%; p<0.05), they had stricturing or penetrating disease more often than non-carriers (88% v 56%; p<0.01), and they had an increased need for bowel surgery. Conclusions: The frequency of NOD2 gene variants was lower in genetically homogenous Finns than in other populations. The 1007fs variant was associated with CD. The occurrence of CARD15 variants predicted ileal location as well as stricturing and penetrating forms of CD.
C
rohn's disease (CD) and ulcerative colitis (UC) are relatively common major forms of chronic inflammatory bowel diseases (IBD). Both genetic and environmental factors have been suggested to predispose to CD and UC. Among Finns, affected first degree relatives were recently discovered in 15.6% of patients with CD and in 13.8% of patients with UC, values comparable with those reported elsewhere in Europe. 1 A number of linkage studies carried out in separate populations have confirmed the genetic linkage of CD to chromosome 16.
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Hugot and colleagues 11 and Ogura and colleagues 12 have independently unravelled the CD associated nucleotide oligomerisation domain 2 (NOD2) gene, located on chromosome 16q12 within the area of strongest linkage to CD. NOD2, recently renamed as caspase activating recruitment domain 15 (CARD15), appears to belong to a family of NOD1/ apoptotic protease activating factor 1 (Apaf-1) related proteins which regulate apoptosis and some of which activate nuclear factor κB (NfκB). 13 14 Unlike NOD1 and Apaf-1, CARD15 is mainly expressed in monocytes, but not in lymphocytes, normal colon, or the small intestine. The exact function of CARD15 remains unknown but it seems to play a role both in intracellular recognition of lipopolysaccharides (LPS) typical of Gram negative bacteria and subsequent activation of NFκB. 15 More than 60 sequence variants have been identified in the CARD15 gene, with three main variants (R702W, G908R, and 1007fs) proposed to be associated with susceptibility to CD. 11 12 16-19 One of these (1007fs), which shows the most consistent association with CD, has also been reported to result in phenotypic consequences. Insertion of an extra cytosine molecule causes a translational frameshift creating a premature stop codon in the 10th leucine rich repeat (LRR) of CARD15, and this alteration has been shown to decrease NFκB activation by LPS. 12 The present study was undertaken to evaluate the occurrence of the CARD15 variants R702W, G908R, and 1007fs in Finnish IBD patients. Our particular aim was to search for associations between hetero-or homozygosity for the CARD15 variants, familial forms of IBD, and complicated forms of CD.
MATERIALS AND METHODS

Participants
Consecutive Finnish patients with familial and sporadic IBD were recruited from the capital city of Helsinki by investigators at the Helsinki University Hospital and Maria Hospital. In addition, IBD families were recruited by collaborators from 
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University Hospitals in Turku, Tampere, Kuopio and Oulu, as described previously. 1 20 Patients and their affected first degree relatives completed a questionnaire concerning the history and details of their disease as well as the number of affected and non-affected relatives. Subjects with familial CD had at least one first degree relative with IBD whereas subjects with sporadic CD did not. In pure familial CD, all patients in the same family had CD. In mixed families, the proband had CD and at least one first degree relative had UC or indeterminate colitis. Details on the course of the disease in participants with IBD were obtained from patient records. Standard endoscopic and histological criteria were used to establish the diagnosis. 21 The Vienna classification was used to grade CD. 22 For location of disease, we used the largest extent of the disease according to x-ray and endoscopy protocols as well as surgical reports. The behaviour of the disease was classified as penetrating if there were intra-abdominal or perianal fistulas at any time during the course of the disease, even if there were coexisting strictures. In total, we studied DNA samples from 198 patients with sporadic CD, 46 probands with familial CD, 27 unrelated probands with CD from mixed IBD families, and 99 randomly chosen unrelated patients with familial and sporadic UC. Informed written consent was obtained from all patients. DNA samples from 300 healthy blood donors were obtained through the Finnish Red Cross Blood Service (Helsinki, Finland). Consent obtained for the use of blood from these donors precluded collection of any clinical data.
This study was approved by the ethics review committees of each of the participating centres.
Analysis of CARD15 variants
Genomic DNA was extracted from venous blood samples by standard procedures using digestion with proteinase K followed by phenol/chloroform extraction. Each CARD15 variant was assayed using initial amplification of the DNA sample by polymerase chain reaction (PCR) and subsequent analysis of the PCR products by restriction enzyme cleavage and gel electrophoresis on 12% polyacrylamide (R702W) or 3-4% agarose (G908R and 1007fs).
For assay of the R702W mutation, the forward primer was 5′-AGATCACAGCAGCCTTCCTG-3′ and the reverse primer was 5′-CACGCTCTTGGCCTCACC-3′. The PCR product (185 bp in size) was digested at 37°C for 16 hours with 2 U of MspI, resulting in the following fragments: 20, 35, 54, and 76 bp in R702R homozygotes; 20, 35, 54, 76, and 130 bp in R702W heterozygotes; and 20, 35, and 130 bp in W702W homozygotes.
For assay of the G908R mutation, 5′-CTCTTTTGGCCTTTTCAGATTCTG-3′ was used as the forward primer and 5′-CAGCTCCTCCCTCTTCACCT-3′ as the reverse primer. The PCR product size from these primers is 163 bp. After digestion for 16 hours at 37°C with 2 U of Hha I, the following fragments were obtained: 163 bp in G908G homozygotes; 27, 136, and 163 in G908R heterozygotes; and 27 and 136 bp in R908R homozygotes.
In order to detect the 1007fs mutation, PCR was carried out using the forward primer 5′-GGCAGAAGCCCTCCTGCAGGGCC-3′ and the reverse primer 5′-CCTCAAAATTCTGCCATTCC-3′ resulting in an amplified fragment of 151 bp in size. After digestion for 16 hours at 37°C with 2 U of ApaI, the following panel was obtained (leucine represents the codon 1007 in the wild-type allele): 151 bp for Leu1007Leu homozygotes; 20, 131, and 151 bp in Leu1007Pro heterozygotes; and 20 and 131 bp in Pro1007Pro homozygotes.
Statistical analyses
Frequencies between patient and control groups were tested using Pearson's χ 2 statistics or Fishers's exact test. The Student's t test for unpaired samples was used to compare continuous data between two groups of patients. Bonferroni's correction was used to take into account the number of hypotheses tested.
RESULTS
Allele frequencies in patients and controls
The CARD15 gene variants R702W, G908R, and 1007fs were determined in 198 unrelated sporadic CD patients, 46 unrelated probands with familial CD, 27 unrelated probands with CD from mixed IBD families, 99 randomly chosen unrelated familial and sporadic UC patients, and in 300 healthy blood donors. The CARD15 allele and genotype frequencies are summarised in table 1. The allele frequency of the 1007fs mutation in familial CD cases was 10.9%, in sporadic CD patients 3.5%, in CD patients from mixed families 3.7%, in UC patients 3.0%, and in controls 1.7%. The allele frequency of the 1007fs variant was significantly higher among all CD patients than in controls (4.8% v 1.7%; p<0.01), and the corresponding frequency in familial CD cases was higher than in sporadic CD cases (10.9% v 3.5%; p<0.01). The frequencies of the R702W and G908R variants were relatively low in all patient categories and in controls, with no significant differences between the groups (table 1): 15.5% of CD patients, 9.1% of UC patients, and 6.7% of control subjects carried at least one of the CARD15 polymorphisms. The difference in allele frequencies between the CD group and controls, but not between other groups, was significant (p<0.01).
One of 198 patients with sporadic CD and two of 46 patients with familial CD were homozygous for the 1007fs mutation. Other CD patients carrying these three variants were also heterozygous (table 1). A total of nine (9.1%) of 99 UC patients were heterozygous carriers of one of the three CARD15 variants (table 1) . There were two combined heterozygotes in relation to the R702W and G908R variants among CD patients (one sporadic and one familial CD case), and one compound heterozygote in relation to R702W and 100fs polymorphisms among controls.
CARD15 alleles and clinical phenotypes
When median ages at diagnosis in those CD patients who were hetero-or homozygous for any of the rare CARD15 variants (n=42) and in those homozygous for the wild-type CARD15 allele (n=229) were compared, no significant differences were noted (table 2) . In contrast, median disease duration was approximately twice as high in the former than in the latter group (table 2) . Based on the Vienna classification, CD patients with at least one of the rare CARD15 variants had more often the ileum affected (90% v 73%; p<0.05) and more often a stricturing or penetrating form of the disease (88% v 56%; p<0.01) compared with non-carrier CD patients (table  3) . In addition, carriers of the CARD15 variant alleles had undergone bowel surgery more often than non-carriers (67% v 46%; p<0.05) (table 2). There were no significant differences in the use of 5-ASA, metronidazole, steroids, or immunosuppressives (azathioprine, methotrexate, or cyclosporine) between CD patients who were carriers of any of the three CARD15 variants investigated compared with non-carriers (table 3) .
When UC patients were classified into carriers of any of these CARD15 polymorphisms and non-carriers, no significant differences were observed with regard to mean age, median age at diagnosis, median duration, need for medication, or need for surgery (not shown). Of the CD patients, 48% were smokers and 17% were ex-or casual smokers, while the corresponding frequencies among UC patients were 13% and 35% (p<0.01).
Characteristics of patients and their affected siblings homozygous for 1007fs
Both of the two familial CD patients homozygous for the CARD15 1007fs mutation had one affected sibling who was CARD15/NOD2 gene variants and Crohn's diseasealso found to be homozygous for the 1007fs polymorphism. As a group, these four CD patients homozygous for 1007fs shared some phenotypic characteristics: age at diagnosis was 20 years or less, only the ileum was affected, and CD showed a stricturing course. The single sporadic CD patient who was homozygous for the 1007fs allele differed from these two sibling pairs in that, in addition to the ileum, the right colon was also affected. His disease was diagnosed at the age of 13 years, stricture formation complicated the disease, and the patient had undergone three bowel resections.
DISCUSSION
Since 2001, several independent studies have demonstrated that the NOD2/CARD15 gene variants contribute to a significant extent to the risk of Crohn's disease. 11 12 16-19 The allele frequency of the insertion mutation 1007fs, predicted to result in a truncated CARD15 protein, was found to be 8-16% in CD patients but only 2-4% in control populations from the USA 12 or Europe. 11 16-18 Two other mutations (R702W and G908R) have also shown a significant relation to the risk of CD, 11 17-19 while there was no significant association between CARD15 gene variants and the risk of UC. Hampe et al estimated that the relative risk of CD in 1007fs heterozygotes was 2.6 and in homozygotes 42.6. 16 Cuthbert and colleagues 18 reported a relative CD risk of 3.0 for individuals heterozygous for any of the three CARD15 gene variants and a value of 23.4 for homozygotes or compound heterozygotes. According to Hugot et al, the corresponding relative risks were 3, 38, and 44, respectively.
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Our material of familial CD was limited as the whole population comprised approximately 5 million inhabitants and secondly, there is no national IBD register, which makes it more difficult to recruit patients. In our material, the frequencies of all of the CARD15 variants investigated were low in comparison with many other Western populations. 11 12 16-19 Recently, Inoue et al have reported lack of common NOD2 variants in Japanese subjects with CD. 23 Our data confirm the association between the CARD15 1007fs variant allele and CD, although there was no difference in allele frequencies between CD and UC groups. This association may not be as strong in the Finnish population as in other Caucasian populations studied to date. There were no significant differences in the allele frequencies of the two other CARD15 gene variants investigated (R702W and G908R) between patients with CD and UC or controls. The CARD15 1007fs mutation was more prevalent among probands with familial disease compared with sporadic cases. The studies by Hugot et al and Ogura et al, showing an association between CARD15 mutations and CD, also comprised familial cases. 11 12 As suggested by the observations by Inoue et al, there may be other disease causing polymorphisms of the CARD15 gene, or entirely other genes, which predispose to CD. The search for other clinically significant CARD15 variants among the Finns is warranted.
The Finns derive from a small relatively isolated founder population in which the population growth was rapid and breeding units were small. 24 The Finnish population has been extensively and successfully investigated for several rare monogenic diseases. 25 A few more common diseases, such as familial hypercholesterolaemia or long QT syndrome, are caused by founder mutations typical of Finns. 26 27 Recently, the properties of isolated populations in mapping variants underlying complex diseases have been evaluated. 24 25 28 29 The fate of alleles with a frequency of 1% in a rapidly growing population, allowed to mate randomly, was simulated by computer and after 20 generations the frequency of the most common allele was 6% whereas some alleles were lost. 24 This means that random genetic drift has a strong influence on allele frequencies in small fast expanding populations: rare alleles may get lost or survive at unusually high frequencies. 24 If a disease gene has several mutations, some may have been lost and some major mutations preserved.
We have previously shown that the percentage of familial IBD among Finnish patients is comparable with that in other European populations. 1 No remarkable clinical differences were observed between patients with familial or sporadic disease. 1 In the present study, a carrier status for any of the three CARD15 variants, and especially for the 1007fs mutation, predicted ileal localisation of CD as well as liability to complications of CD, such as strictures, fistulations, and need for surgical revisions. Very recently, similar findings were reported by other investigators. [16] [17] [18] [19] An increased frequency of the CARD15 mutations in ileal specific disease has been reported in several independent studies, [17] [18] [19] and Hampe et al also reported an association between CARD15 variants with right colonic disease in comparison with left colon specific disease. 30 In our study, the rare homozygous patients had a form of CD with an early onset and a complicated course, a finding strikingly similar to that of Lesage and colleagues 19 observed in a French population. In the present series the median duration of disease was twice as long among CARD15 variant carriers compared with other CD patients. The use of the Vienna classification, especially behaviour, in phenotypegenotype analyses has been strongly criticised by Louis et al. They determined behaviour and location of disease over 25 years of follow up from diagnosis in 297 CD patients, and found that the behaviour of CD varied dramatically over the course of the disease while location was relatively stable. 31 They recommended that patients should be classified for genotype-phenotype analyses after a fixed duration of disease; this was not feasible in the present series. In our material, there was a lack of association between age at diagnosis and carrier status of the CARD15 variants. We chose to use age at diagnosis instead of age at onset as the data were collected retrospectively from patient records of the participating centres.
The CARD15 gene product belongs to a Nod1/Apaf-1 superfamily of apoptosis regulators and is mainly expressed in monocytes.
14 CARD15 contains two N terminal caspase activation recruitment domains (CARD) and several C terminal leucine rich repeats (LRR).
14 It is involved in the activation of the NFκB signalling pathway.
14 The CARD15 1007fs mutation, resulting in a truncated protein lacking part of the LRRs, is deficient in inducing LPS mediated NFκB activation. 12 The NFκB system has been shown to be activated in IBD. 32 33 Glucocorticoids and sulphasalazine both effectively inhibit NFκB. In our material, there were no significant differences in the use of 5-ASA or steroids between carriers or non-carriers of any of the three CARD15 variants investigated, neither were there any significant differences in the use of metronidazole or immunosuppressives between these two groups (table 3).
In conclusion, the allele frequencies of the three CARD15 gene variants (R702W, G908R, and 1007fs) were lower in Finns than in other populations studied to date. There was an association between the 1007fs variant allele and CD. In this retrospective study in Finnish CD patients, the NOD2 gene variants were associated with ileal disease as well as stricturing and penetrating forms of the disease, and CD patients homozygous for the CARD15 gene variants tended to suffer from a disease with early onset and a complicated course. No significant differences in the use of 5-ASA, steroids, metronidazole, or immunosuppressives were observed between CD and UC patients who were carriers of any of the three CARD15 variants investigated compared with non-carriers. There may be CARD15 variants or genes predisposing to CD among Finns other than those previously investigated in Western populations. 
